Abstract. In this paper, the performance of three typical resource allocation schemes is analyzed, which are applied to indoor MIMO-OFDM visible-light communication system, the maximum capacity allocation algorithm, the rate proportional algorithm and the multi-user subcarrier ordering allocation algorithm. The result of simulation shows that the three algorithms above can effectively improve the performance of indoor MIMO-OFDM visible light communication system. The system is capacity is at least 3 times higher. Simultaneously, in the system capacity, error performance and fairness, these three allocation method are significantly different.
Introduction
Visible light communication (VLC) technology uses visible light signal as the carrier to transmit information, and realizes communication and illumination simultaneously [1] . Compared with traditional wireless communication, it has the advantages of no electromagnetic radiation, no spectrum authentication, strong confidentiality, low energy consumption, etc. [2, 3] .
Ultra-high speed and large capacity has become the main trend of communication, which must fully consider the optimal allocation of resources. Reasonable and effective allocation of resources can not only meet the dynamic needs of different users, but also be beneficial to system maintenance and expansion. Therefore, the optimal allocation of resources has become an important aspect of the indoor MIMO-OFDM VLC [4] .
Multi-user resource allocation can be divided into fixed resource allocation and adaptive resource allocation. Fixed resource allocation algorithm cannot meet the real-time needs of users, resulting in waste of resources, affecting the performance systems. The adaptive resource allocation is based on channel conditions and user needs, making full use of channel resources. This paper only discusses the adaptive resource allocation algorithm.
According to different optimization criteria, adaptive resource allocation algorithm can be divided into three categories. (1) System capacity maximum principle. The system capacity is the total transmission rate. To meet the total power and BER requirements, it makes the total transmission rate largest. (2) System BER minimum principle. Under the given system total power and capacity requirements, the BER is minimized. (3) Power minimum principle. To meet the requirements of the rate and BER, the system sends the minimum power. As the indoor VLC, the influenced of transmission power is much smaller than that in traditional wireless communication, so the third resource allocation scheme will not be discuss. While, the specific algorithm can refer to [9] .
Analysis of the Principle of the Algorithms

Maximum Capacity Allocation Algorithm
This algorithm is based on the maximum capacity principle, first proposed by Jang et al [4] . The received signal expression of user k on subcarrier n as follows:
, is the signal symbol of the user k (total of K users) on the subcarrier n (total of N subcarriers). , is the power allocated of user k on subcarrier n, and, ℎ , is the channel gain of subcarrier n on user j. In Equation 1, the first term is a useful signal, and the latter two are interference signals and channel noise. The noise power can be expressed as P = 0 / , where 0 is the noise power spectral density and B is the system bandwidth. γ k,n is defined as follows:
The BER that the system satisfies can be expressed as:
, a is the number of bits per symbol. The objective function needing to be optimized is
T is the duration of the OFDM symbol. The constraint is that the sum of the powers must be equal to the given power .
The algorithm is divided into two steps. The first step is to assign the subcarriers to the users. The subcarriers are allocated in turn to the best user of the channel condition. Secondly, the distribution of power. When subcarrier allocation is complete, water-filling algorithm can be used to allocate the power on subcarriers of a single user. The Lagrange Function can be construct as follows.
The partial derivative of , can be got, and make it to 0. So, an initial value satisfying the condition is obtained, and the power distribution scheme of the system is obtained by iterative method.
Rate Proportional Allocation Algorithm
This algorithm is also based on the system capacity maximization criteria. Maximum Capacity Allocation Algorithm assigns each subcarrier to the user with the best channel condition, but ignores the actual demand of the user, which leads some users to get too much or insufficient resources. Taking into account the fair use of resources among users, Shen et al. proposed the Rate Proportional Allocation Algorithm [5, 6] . The objective functions and constraints that need to be optimized as follows
, represents the occupancy of subcarrier. The last term is the given rate ratio among the users, which reflects their needs. The algorithm is also divided into subcarrier allocation and power allocation, and the specific distribution process is as follows.
(1) The initial distribution of subcarriers. The subcarrier with the largest channel gain ℎ , can be in turn assigned to user with the largest .
(2) After the initial allocation, each user gets one subcarrier, but there are still a large number of subcarriers that are not allocated. The relative capacity of the user k is defined as ' = / , and, The subcarrier with the largest channel gain among the remaining, can be assigned to the user with the smallest ' . And so on, subcarrier can be allocated completely, and subcarriers allocation matrix is got, simultaneously. 
It is assumed that , is increased with n in general. The total power of the user k can be obtained.
=1
(10) is the number of the elements in set Ω . According to the constraints, the iterative method can be used to calculate the power distribution among users. Then the power allocation of each subcarrier can be got [5] .
Multi-user Subcarrier Ordering Allocation Algorithm
The algorithm is based on the principle of minimum BER, proposed by Natalia et al. [7, 8] The objective functions and constraints that need to be optimized are as follows.
is the minimum transmission rate required in this system. The basic idea of this algorithm is that the higher order modulation is sued on the subcarriers with better channel conditions. It is also divided into subcarrier allocation and power allocation, and the specific process is as follows.
(1) Determine the number of subcarriers (L) used by each user. The occupancy of each subcarrier is initialized to 0.
(2) The subcarriers are arranged in descending order of the gain to obtain a gain matrix × . (3) Each user gets L subcarriers in turn. The occupancy of assigned subcarriers is 1. And These subcarriers will not participate in the later assignments.
(4) Power Distribution. The total power is averaged over all subcarriers. (5) According to different channel gain, different orders of modulation can be used.
Simulation Analysis of the Different Allocation Schemes
In this article, the MATLAB simulation platform is used. The performance of the indoor MIMO -OFDM VLC system under the mentioned resource allocation scheme above is simulated and analyzed. The first two allocation algorithms are based on the system capacity maximization criteria. When Simulated, the total power is 64W, the channel bandwidth is 10GHz, and the number of subcarriers is 128. As the multi-user subcarrier ordering allocation algorithm, the total power is 1W, the number of subcarriers is 128, and the modulations are BPSK and 4QAM. In Figure 1 , the number of users is 10. The rate proportional numbers among users from 1 to 9 are set to 1, and the rate proportional number of the user 10 is sequentially changed from 1 to 10, namely, 1 : 2 : … : 10 = 1: 1: … : 1: 10 ， 10 = {1,2, … 10}. It can be seen that the total system capacity of the maximum capacity allocation algorithm (MRA) is always greater than the rate proportional algorithm (PRA) during changes of 10 . As the average, the capacity of MRA is 30% larger than PRA. The reason is because the MRA does not take into account the fairness among users, and, at any time, subcarriers are assigned to the user with the best channel conditions. So the system capacity is always the largest, while it is not affected by the changes of rate proportional numbers. PRA with the rate ratio constraints, improves the fairness of proportion, so, the system capacity of it is a certain extent lower. Of course, the system capacity of both algorithms is 3 times higher than when no allocation scheme is used.
In Figure 2 , the number of users increases from 2 to 15. The system capacity of both MRA and PRA increases with increase of the number of users, but, in the end, it will be close to saturation, both.
This shows that, to a certain extent, the greater the number of users, the more obvious the role of the algorithm optimization. Likewise, MRA's system capacity is always higher than PRA. As the average, the capacity of MRA is 22% higher than PRA. Figure 3 shows the fairness of MRA, PRA and multi-user subcarrier ordering allocation algorithm (SOA). It is clearly seen that the power ratio distribution with the rate ratio of 10 users. PRA algorithm shows a good fairness of proportion, and the power of each user is consistent with the ratio of the user's rate. While, MRA does not show any fairness, and even some of the user (such as user 1 and user 8) occupies excessive power. Because power is averaged over all subcarriers in SOA, all users get the same power. SOA does not show any power fairness too. Figure 4 is the simulation of multi-user subcarrier ordering allocation algorithm. L is the number of subcarriers used by each user. The changes L is equivalent to the changes about the number of users. It can be seen that as the number of users decreases, the BER decreases, and as the SNR increases, the bit error rate is also reduced.
Summary
This paper mainly analyzes the performance of three resource allocation algorithms in indoor MIMO-OFDM VLC system, which are the typical algorithms in traditional wireless communication field. They are done in two steps by subcarrier allocation and power allocation, and achieve the purpose of optimizing the system capacity or BER. Seen from the optimization target, MRA and PRA are based on the system capacity maximization principle, while, multi-user subcarrier ordering allocation algorithm makes the BER minimum. Seen from the fairness among users, PRA algorithm can guarantee the power fairness, but MRA and SOA algorithm can not guarantee it. Seen from the system capacity, MRA is at least 22% higher than PRA, because MRA never considers the fairness.
